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Title: Hydrophobic fumed silica and method for the preparation 
thereof 

Claims : 

1. Hydrophobic fumed silica, characterized in that the surface 
is hydrophobized by organic silicon compound, and by having 
a bulk density of 80 to 3 00g/l, 0.5/nm 2 or less OH group per 
unit surface area, and 2 000ppm or less aggregated particles 
with a particle diameter of 45u or more. 

2. Method for the production of hydrophobic fumed silica, 
characterized by hydrophobizing fumed silica by means of 
organic silicon compound, and then re-hydrophobizing the fumed 
silica after or simultaneously with the mechanical crushing 
of the same. 

[Excerpt from the detailed description of the invention] 

It is more favorable when the bulk density of the hydrophobic 
fumed silica is high because it makes handling easier at the 
time of or after filling the silica into silicon resin. When 
the bulk density of the hydrophobic fumed silica is high, the 



introduction time and the kneading time for filling the silica 
into resin becomes shorter, and less amount of dust is produced. 
Further, since the viscosity of the obtained resin composition 
becomes lower, the handling of the resin composition at the 
time of molding can also be improved. 
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Abstract 

PROBLEM TO BE SOLVED: To obtain silica having good wettability and dispersibility with a silicone 
resin by converting the silica surface into hydrophobic with an org. silicon compd. and specifying the 
range of bulk density, number of OH groups per unit surface area and number of aggregated particles 
having a specified or larger particle diameter. 

SOLUTION: A haze silica having 1 00 to 350 m2/g specific surface area produced by flame hydrolysis 
or the like of silicon tetrachloride is used as the source material. The haze silica as the source 
material is changed into hydrophobic by the reaction with an org. silicon compd. such as hexamethyl 
disilazane at 50 to 400 deg.Cfor 60 to 1 80 min. The treatment to change the silica into hydrophobic 
is carried out to obtain 0.5 to 5.0 % carbon content and <=0.5 /nm2 OH group per unit surface area. The 
hydrophobic haze silica is mechanically pulverized in a ball mill or the like. The silica is further 
subjected to hydrophobic treatment to obtain hydrophobic haze silica having the surface converted 
into hydrophobic with the org. silicon compd. and having 80 to 300 g/l bulk density, <=0.5 /nm2 OH 
group per unit surface area and <=2,000 ppm of aggregated particles having >=45 &mu m particle 
diameter. 
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(57) [Abstract] 

[Problems to be Solved by the Invention] 

Occasion where it adds to silicone resin etc, hydrophobicity 
fume silica 0 which does notimpair transparency of resin, can 
maintain viscosity low 

[Means to Solve the Problems] 

surface hydrophobicizing being done by organosilicon 
compound , it becomes, possesses the bulk density of 80 - 300 
g/1, OH group per unit surface area is 0.5 /nm 2 or less, atsame 
time aggregated particle of particle diameter 45 ;mu m or 
greater is 2000 ppm or less and the hydrophobicity fume 
silica Q which is made feature 



[Claim(s)] 
[Claim 1] 

surface hydrophobicizing being done by organosilicon 
compound , it becomes, possesses the bulk density of 80 - 300 
g/1, OH group per unit surface area is 0.5 /nm 2 or less, atsame 
time aggregated particle of particle diameter 45 ;mu m or 
greater is 2000 ppm or less and the hydrophobicity fume 
silica© which is made feature 

[Claim 2] 

fume silica hydrophobicizing is done with organosilicon 
compound , after mechanical pulverizing next or 
simultaneously with mechanical pulverization, said fume 
silica is done hydrophobicizing for second time and 
manufacturing method*, of hydrophobicity fume silica which 
is made feature 

Pescription of the Invention] 
[0001] 
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[0002] 
[«**««] 

Bi=#tt-r* oh atc4r«aaiMb*tt&sed 

[0003] 

*Lr.'ca>«fc3<PB|[*14«Ii5/'J*tt % -c** 

■(^%*^«iKicaAB*m2fctfaMB»iiii^ii 

[0004] 

L^L.4^*JlfflM(Zcfc**J*-CI4.-* 
MfC 25g/l «*rC0)!ltoflt*LTl**BMc 
t£S8li/'J*»!BJt£ 60~80g/lff£lCig 

[0005] 



[Technological Field of Invention] 

As for this invention, as for hydrophobicity fume silica, 
details, it possesses hydrophobic group of the sufficient 
amount in surface, bulk density is high, at same time 
occasionwhere aggregated particle is little, adds to silicone 
resin etc, does not impair the transparency of resin, regards 
hydrophobicity fiime silica, and its manufacturing method 
which can maintain viscosity low. 

[0002] 

[Prior Art] 

fume silica is produced with flame hydrolysis of chlorosilane, 
is utilized widelyin resin or other filler, reinforcing agent, 
thickener etc. 

In order to use for such application, OH group which exists in 
fume silica surface reacting with organosilicon compound, 
hydrophobicizing it does silica surface, it is needed often. 

When you use, as fullness * reinforcement of for example 
silicone resin raising dispersibility of silica particle by fact 
that hydrophobicizing it does, extension and the mechanical 
strength of silicone resin it can improve. 

[0003] 

And, this kind of hydrophobicity fume silica one where bulk 
density is high as much aspossible is profitable in when being 
filled to silicone resin or handling property after being filled. 



Namely, when bulk density of hydrophobicity fiime silica is 
high, when being filled in the resin, closing time and kneading 
time becomes short, in additionoccurrence of decimeter dust 
is little. 

Furthermore, also handling property when forming is 
improved by fact that viscosity of resin composition which is 
acquired becomes low. 

[0004] 

vacuum pressure denseness is done method which has been 
widely used the hydrophobicity fume silica as method which 
raises bulk density of hydrophobicity fume silica. 

But, being this vacuum pressure dense, with method, fact that 
bulk density of hydrophobicity fume silica which has 
possessed bulk density to 25 g/1 extent generally israised in 60 
- 80 g/1 extent at very most being, as for above thatraising it 
was difficult. 

[0005] 

Therefore, as description above in order to improve problem 
higher-level, pulverizing hydrophobicity fume silica with 
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[0008] 



[0009] 
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mechanical external force , consolidationdoing with that, you 
obtain hydrophobicity fume silica of high bulk density, it is 
proposed. 

Concrete, pulverizing fume silica in mechanical, after raising 
bulk density ,method hydrophobicizing of doing. With 
organosilicon compound it pulverizes fume silica in 
mechanical and hydrophobicizing itcan list method (Japan 
Unexamined Patent Publication Showa 50-51494 disclosure ) 
etc which does high bulk dense conversionsimultaneously. 

[0006] 

[Problems to be Solved by the Invention] 

But, according to this kind of method bulk density of 
hydrophobicity fume silica obtainsthose whose 80 g/1 or 
greater are high, it is possible , but in these aggregated 
particle of particle diameter 45 ;mu m or greater was 
contained in large amount, theoccasion where this is used for 
one for fullness of silicone resin, the resin occurred problem 
which clouding is done. 

This is presumed with above-mentioned method, because 
strong mechanical external force joins fume silica in state 
where flow property which hydrophobicizing isnot done is 
bad, for sake of excessive cohesion of said fume silica occurs. 

[0007] 

From such thing, hydrophobicizing after doing fume silica, 
pulverizing the hydrophobicity fume silica which is acquired 
in mechanical, it raises bulk density in the Japan Unexamined 
Patent Publication Hei 6-87609 disclosure , it is disclosed . 

According to this method, furthermore before was inscribed 
hydrophobicity fume silica where either kind of aggregated 
particle which is not for most part includedis produced is 
possible with high bulk density. 

[0008] 

However, when hydrophobicity fume silica and you use for 
one for fullness of the silicone resin, in fully not to become 
resin composition of low viscosity, in addition,although 
transparency which is acquired with above-mentioned method 
are quite improved, now one step it was not something which 
it canbe satisfied. 

As for this, with above-mentioned method mechanical 
pulverization the crushing surface which hydrophobicizing is 
not done forms anew in silica which ispulverized because it is 
done vis-a-vis hydrophobicity fume silica, surface OH group 
quantityincreasing with that, wettability to silicone resin 
deteriorates, is thoughtfor sake of dispersibility of silica 
decreases. 

[0009] 
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[0010] 

±ekjeis«— m.nm?Lzm, 

It t^fco 



[0011] 

BP*> , *«WI4, S® *<W*£j|S<b6*lcJ:y 
»7Mt**lTfty.80~300g/l <D*ei*£*U 
*ttSffiWfcfcy (Z> OH 0.5 {i/nm 2 ktT"C 
M.IOWB 45 JU±0>;8Jfe«T-A< 
2000ppm siT-efc*cts»«tf **7ktt« 

[0012] 

Sfc, *5gBJil±t ELfc«W«»*tt«II5/iJ 
[0013] 

.square**. 

MT-cio*#fl«F r»*r>y* 

[0014] 

<0«IB4<**a*fc**tJ:ya[*<b**fC 

•TMbHWBS/'J *CDSS OH Slcfffll 
»*<b^*3ti<SJ6LTi«*»i:LT«S*-r*C 



Therefore, with mechanical pulverization making use of 
hydrophobicity fume silica which the bulk densification is 
done, properties of silicone resin which is acquired now 
onestep was not something which it can be satisfied in 
aforementioned viscosity and transparency, improvement was 
desired. 



As a result, while after pulverizing fume silica which 
hydrophobicizing is donein mechanical, or pulverizing, if 
hydrophobicizing it does for secondtime, hydrophobic group 
being introduced by crushing surface which was formed 
byabove-mentioned pulverization above-mentioned problem 
is solved to discover, this invention it reached to completion. 

[0011] 

Namely, this invention becomes, surface hydrophobicizing 
being done by the organosilicon compound , possesses bulk 
density of 80 - 300 g/1, OH group per unit surface area is0.5 
/nm 2 , or less at same time aggregated particle of particle 
diameter 45 ;mu m or greater is 2000 ppm or less and is 
hydrophobicity fume silica which is made feature. 



In addition, fume silica hydrophobicizing it does this 
invention, with organosilicon compound as manufacturing 
method of kind of hydrophobicity fume silica which was 
inscribed, after mechanical pulverizing next or simultaneously 
with mechanical pulverization, hydrophobicizing it does said 
fume silica for second time and it offers also manufacturing 
method of hydrophobicity fume silica which is made feature. 



fume silica which is used for this invention is amorphous 
silica which is acquiredwith flame hydrolysis of halosilane. 

Ideally, to lead in flame of oxygen and hydrogen, hydrolysis 
itdoes silicon tetrachloride gas under high temperature and it 
can use silica which isacquired. 



hydrophobicity fume silica of this invention surface of 
above-mentioned fume silica the hydrophobicizing is done by 
organosilicon compound . 

This hydrophobicizing, organosilicon compound reacting to 
surface OH group of fume silica, is done byas hydrophobic 



[0010] 

[Means to Solve the Problems] 

You considered this inventor etc, to above-mentioned 
problem andcontinued diligent research. 



[0011] 



[0012] 



[0013] 

[Embodiment of the Invention] 



[0014] 
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i»*14JS»i/a«fB OH *S A< 0.5 <i/nm 2 
[0015] 

* fc . * A (D n tk tt m m *s u * is . 

80~300g/k 100~200g/l ©Sfi^^T 

^TKttJlSvU^CDJtSJS^ 80g/l <fcy/J*$l* 

*fc.»*tt*aiiS/'j*cD*a!ft4< 3oog/i <ty 

[0016] 

*ftB^CDi^7Ktt!ffilS«i>y^[S % ^^@ 45 urn 
JU±(D^*^^-$ 2000ppm mT.JfJSlCli 
1700ppm J^TUft -Cl*fc:l\> 

tt^F-g 45 /im lUJLJS**a^ft< **T**L 
Tl^d:t^<D*<g «I£Ll^rf)<. 2000ppm 

ia t'&T -rim*** 



2ooo P pm < fcy£<^r£*ufc oizt^t.^jz} 
BiE*itiaiis/'j*+a>±iEtt^aja±«> 

Iwi/'J**®®* ggfl^ 45/im (Dgg 

[0017] 



group connecting. 

And, as for hydrophobicity fume silica of this invention, in 
OH group said organosilicon compound has reactedat high 
ratio over entire surface, said silica has had high 
hydrophobicity. 

Therefore, surface OH group quantity which remains is small 
ideally 0.4/nm 2 or less, OH group per unit surface area 0.5 
/nm 2 or less, only is. 

Here, regarding to this invention, above-mentioned OH group 
quantity ismeasured with Karl Fischer method which it 
mentions later. 

When surface OH group quantity of hydrophobicity fume 
silica is larger than 0.5 /nm 2 , the wettability of fume silica and 
resin becomes bad occasion where it isfilled in silicone resin, 
viscosity of resin rises, transparency deteriorates. 

[0015] 

In addition, hydrophobicity fume silica of this invention has 
had bulk density of 100 - 200 g/1 80 - 300 g/k ideally. 

When bulk density of hydrophobicity fume silica is smaller 
than 80 g/1, filling behavior and handling property to silicone 
resin become bad. 

In addition, when bulk density of hydrophobicity fume silica 
is larger than 300 g/1, the aggregated particle to be many 
implication and dispersibility becomes bad. 

[0016] 

hydrophobicity fume silica of this invention only 1700 ppm or 
less includes aggregated particle of the particle diameter 
45 ;mu m or greater in 2000 ppm or less, ideal. 

As for aggregated particle of particle diameter 45 ;mu m or 
greater it is most desirable not to becontained completely, but 
if it is within 2000 ppm, in silicone resin thecase where 
kneading it does transparency for most part not todecrease, 
acceptableo 

When here, it reaches point where aggregated particle of 
particle diameter 45 ;mu m or greater is more contained than 
2000 ppm, in silicone resin clouding occurs theoccasion 
where kneading it does and transparency decreases largely. 

Furthermore, content of aggregated particle above 
above-mentioned particle diameter in hydrophobicity fume 
silica, when in mixed solution of methanol and water passing 
the liquid which silica suspension is done, in sieve of the 
mesh opening 45 ;mu m, is measured by measuring weight of 
residue. 

[0017] 
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[0019] 

50~500mVg. »5Hcli 100~350m 2 /g OJt 
[0020] 
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[0021] 

JW*WI=I*. TCSC 
(R'jSi^NR" 

R 2 3 SiY 



2000-9-19 

In addition, as for hydrophobicity fiime silica of this 
invention, specific surface area 40 - 450 m 2 /g* ideally with 
80 - 300 m 2 /g, carbon content 0. 1-10.0 weight%. ideally 
with0.5 - 5.0 weight% , average primary particle diameter 
being 5-100 nm is general. 

[0018] 

As description above it can produce hydrophobicity fume 
silica of this invention whichpossesses properties, with 
method below. 

Namely, after hydrophobicizing does fume silica with 
organosilicon compound , mechanical pulverizing next or 
simultaneously with mechanical pulverization, it is a method 
which hydrophobicizing does said fume silica for second 
time. 

[0019] 

Regarding to above-mentioned method, as for fume silica 
which it usesfor starting material, immediately after being 
produced with flame hydrolysis of the halosilane* for 
example silicon tetrachloride, thing is ideal. 

Usually, 50 - 500 m 2 /g % ideally those which possess specific 
surface area of 100 -350 m 2 /g, are used without restriction. 

In addition, as for such fume silica, OH group per unit surface 
area it is general 1/nm 2 or more to have possessed. 

[0020] 

This starting material fume silica hydrophobicizing is done 
first, by organosilicon compound . 

hydrophobicizing, surface OH group and organosilicon 
compound of fume silica reacting, is done the said surface to 
organic by being converted. 

In order carbon content 0.1 - 10.0 weight%* ideally OH 
group per 0.5 - 5.0 weight%« unit surface area 0.7 /nm 2 or 
less, ideally to become 0.5 /nm 2 or less, itdoes, this 
hydrophobic treatment, it is good. 

[0021] 

As organosilicon compound, those of public knowledge 
which is used as hydrophobicizing agent of the silica it is used 
without especially restriction. 

Concrete, below-mentioned system 

(R'aSi ) <sub>2NR 1 ' 

{In Formula, R 1 and R 1 ' being a hydrogen or a lower alkyl 
group, it is } Or 

R 2 3 SiY 
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[0022] 

ju-<* ttiust \f ^* n-x^ju- 



~t/* 




^•^^S Hjy^E^^ ylfii/TS MJ/ 



[0023] 

*tFJUMJ*>* l^^Q iy3?t7> 
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[0024] 

±E*«a*<b*«ia>ttffl*f*»icia3er4* 

[0025] 



It can use compound which is shown with {In Formula, Y 
with group which is chosen from halogen atom* -OH* -OR 2 '* 
or -NR 2 ' 2 , being a (R 2 and R 2 ' are same as aforementioned R 1 
and R 1 '. ), it is }. 

Here, as for lower alkyl group of R 1 * R 1 '* R 2 and R 2 ', those of 
carbon number 1-3 are desirable methyl group * ethyl 
group* propyl group or other carbon number 1-5* ideally 
in above-mentioned compound. 

Especially, R 1 and R 2 because those of methyl group, the 
hydrophobic strong trimethylsilyl group can be introduced to 
silica are desirable. 

It is desirable. 

In addition, as for halogen atom of Y, you can list chlorine* 
fluorine* bromine* iodine etc, especially chlorine is 
desirable. 

[0022] 

If description above (R l 3 Si ) organosilicon compound which 
is shown with <sub>2NR 1/ isillustrated, especially it is ideal 
to be able to list hexamethyl disilazane* N- 
methyl-hexamethyl disilazane* N- ethyl-hexamethyl 
disilazane* hexamethyl-N- propyl disilazane, etcto use 
hexamethyl disilazane. 

If organosilicon compound which is shown with other* 
R 2 3 SiY is illustrated, especiallyit is ideal to be able to list 
trimethyl chlorosilane* trimethyl silanol* methoxy MJ 
methylsilane* ethoxy MJ methylsilane* propoxy MJ 
methylsilane* dimethylamino trimethyl silane and diethyl 
amino trimethyl silane, etc to use ethoxy MJ methylsilane. 

[0023] 

In addition, regarding to this invention, 
dimethyldichlorosilane* dimethyl diethoxy silane, dimethyl 
dimethoxy silane or other dimethylsilane and 
octamethylcyclotetrasiloxane* hexamethyl tricyclo siloxane 
or other organo cyclo siloxane and -H* -OH* or it was sealed 
end group with alkyl group etc as organosilicon compound, 
you can use also poly dimethylsiloxane etc where the per 
molecule 2 to 10 00 has siloxane unit for ideal. 



[0024] 

As for amount used of above-mentioned organosilicon 
compound as for especiallylimitation it is not done. In order 
to obtain effect of sufficient hydrophobicizing, treated amount 
of 1 - 50 weight% is ideal vis-a-vis fume silica. 

[0025] 

It is good executing hydrophobic treatment, with whatever 
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THS6LT 

\zmmmx. ^Jtzztm-ZLiK 

^jS~600 deg C. $?£L<li 50-400 deg C (Dim. 

mmmx\ io#£i±, #£l.<i*6o~i8o#gm# 

[0026] 



it. zn&oizLxm&itztitzmm^jti 

[0027] 
[0028] 

t»#3rfr*rLT!»lc «IIBttttC«liS/U*K 



*Bt.#-iU5^USttffl-r*»*.5JUBHE 



reaction form, with whichever of for example continuous 
system* batch type is good. 

organosilicon compound is good reacting with liquid phase, 
but reaction with the gas phase, reactivity is desirable ideally 
highly. 

In addition, it is good executing also reactor, it is good 
withwhichever of fluidized bed type* fixed bed type, making 
use of mere mixer* pressure vessel etc. 

In order to promote reaction, adding water and ammonia or 
other basic substance, it isgood executing reaction. 

Before reacting in order for organosilicon compound not to 
disassemble, atmosphere inside reactor with such as inert 
gas* for example nitrogen purge is done, it is desirable. 

Concerning after reacting, in order it removes and to dry 
unreacted matter and by-product and, with such as inert gas* 
for example nitrogen purge doing it is desirable. 

Concerning reaction temperature* time there is not 
especially restriction. With temperature range of ambient 
temperature~600 deg C* preferably 50-400 deg C, 10 min or 
greater* preferably 60-1 8 0 min you keep and should 
havereacted. 

[0026] 

Next, fume silica which hydrophobicizing is done is 
pulverized to mechanical this way. 

With mechanical pulverization, hydrophobicity fume silica is 
done consolidationsimultaneously with pulverization, bulk 
density increases. 

In addition, said hydrophobicity fume silica because flow 
property is satisfactory by hydrophobicizing being done, this 
way administering mechanical pulverizing process, excessive 
cohesionoccurring, seems that aggregated particle occurs, is 
not. 

[0027] 

Here, it can execute above-mentioned mechanical 
pulverization, by using the mill of ball mill* vibrating mill* 
tower mill* conical mill or other public knowledge. 

It is most ideal to use ball mill* vibrating mill. 



[0028] 

As milling condition especially restriction it is not and with 
condition where excessive load does not depend on fume 
silica, following to conventional method, if itshould have 
executed. 

When for example ball mill is used, can be controlled extent 
of pulverizationat such as mill rotation rate* grinding time* 
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S^&-e£«fittff SHEXtt® 25~80%0>[h]$e 
20~90%*<$?f:Ll> o 

So 

[0029] 

•J:b£JS{ffij££. 80~300g/i *"r? s »iSic(i 
ioo~2oog/i £-eiifla£ s 0 

Ufe . WftSBfRfefcijO) OH SA< 0.7-1.2 ® 
/nm 2 8flElCi»jtoLTl**.- 

oh »*<iiai-r*cfcicj:y,jni?/u*t«M 

CDKH<t^SCi:liSirfBLfcit5yT*fcSo 
[0030] 

flC4<iHJnLfca*tt«liS/«J**. SXBt*1b 



aicj:y^fiKLfc5i6»®aB 0H«#*<b 
»»tticffi*T,si/U*i*<^ tiSo 

©bbmcas aacwttSBttft^yo) oh 

0.5 <l/nm 2 JUT . »aiCl4 0.4 1/nm 2 &IT 

i-^s«fc5i-ff affile 



[0031] 

£fc. ±E©*n<Bfc*ftLfcflH12/iJ*€«« 
IS«ittMt»»Loogi^7K<b5aS^ifiLT *ft 

1*. 
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ball diameter and ball filled amounts fiime silica filling 
quantity. 

It is desirable to execute with 25 - 80% rotation rate of critical 
rotational speed whichbecomes settled with mill diameter ball 
filled amount 20 - 90% is desirable. 

As for grinding time, range of 10 min~5 hours is general. 
[0029] 

With such mechanical pulverization, aforementioned 
hydrophobicity fiime silica bulk density, to80 - 300 g/1, it 
increases ideally to 100 - 200 g/1. 

Furthermore, as for hydrophobicity fume silica where bulk 
density increases, crushing surface which hydrophobicizing is 
not done occurs anew to said value, OH group per unit surface 
area has increased in 0.7 - 1 .2 /nm 2 extent 

wettability of fume silica and resin becomes bad due to fact 
that OH group increases, fact that poor dispersion happens, 
becomes the cause of clouding is as before inscribed. 

[0030] 

With this invention, hydrophobicity fume silica where bulk 
density increases with theabove-mentioned mechanical 
pulverizing process is done, hydrophobicizing for second 
time. 

surface OH group of crushing surface which is formed with 
this re-hydrophobic treatment , with theabove-mentioned 
mechanical pulverizing process is done hydrophobicizing, 
silica where quite hydrophobicity is superior highly in 
dispersibility to silicone resin is acquired. 

In order OH group per unit surface area 0.5 /ran 2 or less, 
ideally to become 0.4/nm 2 or less, it does, this re-hydrophobic 
treatment, it is good. 

If it executes also this re-hydrophobic treatment, appropriately 
before with method which to hydrophobic treatment of first 
stage which was inscribed is similar, it isgood. 

[0031] 

In addition, as though it is a description above, mechanical 
afterpulverizing, replacing fume silica which 
hydrophobicizing is done to embodiment which 
hydrophobicizing is done for second time, while said 
mechanical pulverizing, it is good administering 
re-hydrophobic treatment. 

hydrophobic group is introduced by crushing surface which is 
formed anew with mechanical pulverization, even with this 
kind of embodiment in said milling process, hydrophobicity 
fume silica which is similar to description above is acquired. 
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[0032] 

a±icj:y % so~3oog/i mm&z&u m&m 

WmfotzVCD OH 0.5 <l/nm 2 ^TT*&y, 
ft^g 45 // m ia±l*a^^ 2000ppm & 

[0033] 

[*Mo)sa«] 

ttttllB£«>aKii1£fi<a a&CAC 

[0034] 
[HJS0J] 

»tt aisi*isjLTa>*aicj:* 0 

[0035] 
[0036] 

200ml -^MS 30mm)IC 8 «B4f- 

SIv'J^JA^i 30 B£ f tl^ ^ 1^20 # 

[0037] 

3.SS OH »» 

)\,TtK**s — 7K#ft(MKS-210 S?;m«B« 



Site , 25 deg C. *B*f;1S 80%tf>f?ffl^4MCfi 
»»*tt«ll*>"J** 45 B»MLfc(CO« 



[0032] 

With above, it possesses bulk density of 80 - 300 gA, OH 
group per unit surface area is 0.5 /nm 2 or less, hydrophobicity 
fume silica where aggregated particle of particle diameter 
45 ;mu m or greater is 2000 ppm or less can be produced 
satisfactorily. 

[0033] 

[Effects of the Invention] 

high bulk density fume silica of this invention of this 
invention because it is a high bulk density is superiorin 
handling property when being filled. 

When and, nonpolar resin* especially, it is filled in silicone 
resin, it kneadswith dispersibility which wettability of said 
resin is good mastering, is highit is possible , it can acquire 
resin composition which is superior in transparency. 

[0034] 

[Working Example(s)] 

Frying Working Example below, you explain this invention in 
detail, but this invention is not something which is limited in 
these. 

Furthermore, as for various property measurement in Working 
Example and Comparative Example below with method 
below. 

[0035] 

1 .specific surface area 

It measured making use of Shibata reason chemistry supplied 
specific surface area measurement device (SA-1000 ), due to 
the nitrogen adsorption BETone-point method . 

[0036] 

2.bulk density 

About 8 min eyes you inserted fume silica in cylinder (inner 
diameter 30 mm ) of 200 ml and did 30 time tapping, 20 min 
standing did, after that designated ratiowith volume and 
weight as bulk density. 

[0037] 

3 .surface OH group number 

It measured making use of Karl Fischer water analyzer 
(MKS-210 type; Kyoto Electronics Manufacturing Co. Ltd. 
(DB 69-077-8923 ) supplied ). 

Namely, hydrophobicity fume silica of specimen 45 days was 
left in atmosphere of 25 deg C* relative humidity 80% 
(moisture reaches to adsorption equilibrium due to this 
operation, OH group whichexists in latent reaches to 

— : \ 
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120 deg C T- 12 B#IB(M*L(C<D 

-)\s£mti£kLxmm oh stsstifco 

^^IS^lctt, Hydranal composite 

5JC (Riedel-deHaenttK)£ffll>fco 
[0038] 

a® oh mmts ±tu&mv 

[0039] 

Sffl OH fif&(<I/nm 2 )=668.9x8ffi OH 
(wt%)/itaS®(m 2 /g) 

»*i±«»s/abs 5g u^uftu. 

— ;U 50ml T?S»U 50ml £JP jSJH* 

SH»45/tiiuHDIHI 12.6cm 2 (D IS 

[0040] 

i»*14*S»2/»S. 1100 deg C a>£AT* K 

€>i»7Ki4Ssco 2 {cga»<SLfc^. WLMmm^ 



[0041] 

v'J3-> *OK^JS lOOOcst fr y *— ^ 

2 »n»m « ;^aa^xna»)* 

* fc*. 25 deg C 0)Hi \Z 2 B#Mtt«U BL 
ME]$E¥£j£f+£ffl^ 60rpm -e<7)*6S*»!SL 

[0042] 



equilibrium. ). 

After that, specimen 12 hours was dried with 120 deg C and 
surface OH group quantity quantification was done (By this 
operation, surface adsorbed water is gone ) it is after, with 
methanol as the solvent. 

"HYDRANALC OMPOS ITE 5K " (Riede Me 
Haensupplied ) was used to titration reagent . 

[0038] 

Quantity of surface OH group sought in calculation from 
surface OH group quantity of silica surface which was 
measured with above-mentioned method 
withbelow-mentioned formula. 

[0039] 

Quantity of surface OH group (/nm 2 ) = 668.9 X surface OH 
group quantitative (wt% ) /specific surface area (m 2 /g ) 

4. aggregated particle quantity 

5 g you measured hydrophobicity fume silica and took, first, 
wetting did with the methanol 50 ml, wetting you did 
including pure water 50 ml. 

Next, while letting flow water with 5 1/min making use of the 
sieve of mesh opening 45 ;mu m s opening area 12.6 cm 2 , it 
let flow above-mentioned hydrophobicity fume silica 
suspension,after drying quantification it did silica which 
remains on sieve of5 min later. 

[0040] 

5. carbon content 

hydrophobicity fume silica, was calcined under temperature 
of 1,100 deg C and in the oxygen atmosphere, amount of 
carbon which silica contains in silica surface hydrophobic 
group which chemical bond is done thermal decomposition 
after doing, due to trace amount carbon analysis device 
(Horiba Ltd. (DB 69-053-7410 ) supplied ) in C0 2 , was 
sought. 

[0041] 

6. viscosity 

silicone oil (viscosity 1000 cs (centistokes ), SH200: Dow 
Corning Toray Silicone Co. Ltd. (DN 69-066-9486 ) 
supplied ) it added hydrophobicity fume silica 9.3 5g to 170 g, 
2 min dispersed (homogenizer; Tokushu Kika Kogyo Co. Ltd. 
(DB 69-076-0442 ) supplied )later, 2 hours it left in constant 
temperature tank of 25 deg C in ambient temperature, 
itmeasured viscosity with 60 rprn making use of Model BL 
rotary viscometer. 

[0042] 
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[0043] 

700nm.460nm fcfflSU -t(DiR3teS 



[0044] 

#tfett=2.382 x In (460nm PJi3fcJS)/(700nm IR 

ft. *^ilcj:-6awte, »*tt 

CDl¥{lCDiE^tt(i Journal of theCeramic 
Society of Japan 101 [6] 707-712 (1993) 

[0045] 
^IftflJ 1 

M*> l J^h9-*7tt£:ina45 QS102(ttS® 

a 207m 2 /g, 40g/i. massafefcy o) 

OH gri< 1.50 fi/nm 2 ))5.0kg £p*3#« 3001 <D5 
ffftofc. 

KjCj Sffi 200 deg C z^ifc 

9 200g/»-C 75 *H&*£LT 1 ftMBMc 

£l£& 401/#T-S3t£30 5H*|ftLK7>^i7 

±tBfc cfcy . mm^mm & 2.4 mm.%vs>v . m 
ttaaafcfcy o oh sa< 0.50 swtt* 

[0046] 

C(D»*tt«|iS/iJ*$ lm 3 <D&1&mW)S)l' 
(100g/#.7tf -JUftifig 80%. «« 5mm)fCT 

igSffil* 135g/l -Cfcofc. 
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7. transparency 

sample which was drawn up with viscosity measurement 
vacuum outgassing was done, the absorbance of 700 nm was 
measured, transparency evaluation was done with the 
absorbance of this time. 

One where numerical value is small as for transparency is 
good. 

[0043] 

8. dispersibility 

sample which was drawn up with viscosity measurement 
vacuum outgassing was done, the absorbance of 700 nm. 460 
nm was measured, absorbance was substituted 
tobelow-mentioned formula, numerical value which is 
acquired was designated asindex of dispersibility. 

One where numerical value is large as for dispersibility is 
good. 

[0044] 

dispersibility=2.382 X In {(460 nm absorbance ) / (700 nm 
absorbance )} 

Furthermore legitimacy of evaluation of transparency, 
dispersibility as Journal of theCeramics ociety of Japan 101 
[6] shownin 707 - 712 (1993), is by fact that absorbance is 
measured. 

[0045] 

Working Example 1 

fume silica (Tokuyama Corporation (DB 69-057-1716 ) 
supplied: tradename QS102 (OH group per specific surface 
area 207m 2 /g. bulk density 40 g/1. unit surface area 1 .50 
/nm 2 )) it agitated mixed 5.0 kg in mixer of internal volume 
3001,substituted in nitrogen atmosphere. 

In reaction temperature 200 deg C, 75 min supplying 
hexamethyl disilazane with 200 g/minute, it did 1 hour 
hydrophobicizing. 

After reacting nitrogen 30 min was supplied with 40 1/min and 
the ammonia elimination was done. 

With description above, carbon content being 2.4 weight% , 
OH group per unit surface area acquired hydrophobicity fume 
silica of 0.50 /nm 2 . 

[0046] 

This hydrophobicity fume silica was pulverized with 
continual vibrating mill (100 g/minute. ball filled amount 
80%. vibration amplitude 5 mm ) of 1 m 3 . 

After pulverizing, bulk density was 135 g/L 
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Ztz. J»ttS1B«fcfcU <D OH 0.85 m/mn 2 
[0047] 

3001 <o$t W(cJSXUS!#Jl^T. 

*-^U> - 9 ^J:yBtIffit|5|«lcLT 

KJfcfcTtt* 150 deg C T-SSSLfco 
[0048] 

a 1 ICTKLfco 
[0049] 
JttfcflJ 1 

mmm i leaser, pm*^^**,^ n 



[0050] 
tUftfl 2 

iH^'J^h^tVttS^B^S QS102)5.0kg£ 
lm 3 CDa^SIS5;HC-Cl»»(100g/»,7P — JU 
ItmS. 70%. JSW 5mm)lfc 0 



t»#*2L ^&Jt(* 125g/l T*feofco 
[0051] 

f#b *t*I&*>'J;fc£ 3001 <7» 

SIM*a*Ltt*<&JE[£ajK 200 deg C Icfcl^ 
-^£200g/#-C75#« 

SJ^»401/»T*gm^30»tt$&Lflttr> : E-T 



[0052] 
HJSflJ 2 

i»:145m 2 /g. ift&jS 40g/K «H4SSfBfcfcyO) 
OH »A< 1.5 l/nm 2 tt #£*f"r<5 ffll* 
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In addition, OH group per unit surface area had increased in 

0. 85 /nm 2 . 

[0047] 

It threw hydrophobicity fume silica which bulk densification 
is done inside mixer of 300 1 this way and under agitation 
mixing, hydrophobicizing it did for thesecond time with 
hexamethyl disilazane to similar to description above. 

After reaction termination, it dried with 150 deg C. 

[0048] 

property of hydrophobicity fume silica which is acquired with 
above was shown in the Table 1 . 

[0049] 

Comparative Example 1 

In Working Example 1, besides re-hydrophobicizing is not 
done hydrophobicity fume silica was acquiredin method 
which is similar to Working Example 1 . 

property of this hydrophobicity fume silica was shown in 
Table 1. 

[0050] 

Comparative Example 2 

fume silica (Tokuyama Corporation (DB 69-057-1716 ) 
supplied: tradename QS102 ) 5.0 kg it pulverized (100 
g/minute* ball filled amount 70% % vibration amplitude 5 
mm ) with continual vibrating mill of 1 m 3 . 

After pulverizing, bulk density was 125 g/1. 

[0051] 

It threw fume silica which it acquires in mixer of 300 

1, substituted in nitrogen atmosphere. 

While agitating mixing, 75 min supplying hexamethyl 
disilazane with 200 g/minute in reaction temperature 200 deg 
C, it did hydrophobicizing of silica. 

After reacting nitrogen 30 min was supplied with 40 1/min and 
the ammonia elimination was done. 

property of this hydrophobicity fume silica was shown in 
Table 1. 

[0052] 

Working Example 2 

Other than using those where OH group per specific surface 
area: 145m 2 /g % bulk density 40 g/1 * unit surface area has 
properties of 1.5/nm 2 in Working Example 1, as fume silica, 
hydrophobicity fume silica was produced with the method 
which is similar to Working Example 1. 
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^rs*< 1.6 »g%T-fcy.*tta®»fc/cy 

<D OH S*< 0.5 m/nm 2 -Cfcofco 

i50g/i -efcy.m<iSH«fcfcya) oh *r* 

0.80 <I/nm 2 T*&ofco 
[0053] 

[0054] 

3 

W§»201(D ^ft>> ^- 4M::JS8h>Sb (h* 
■VVtt»:iSa« QS102)800g £«ALMiftg 
&L;ta£. MJ^UX* 200g 
U EJfcSSffi 70 degCICfcl*T3 B#HiS*<b£ 

kjs«. a*(2i/». 30 »-cttj&)icre»*ff 

■tt*B»»feU© OH 0.50 ffl/nm 2 MC 
[0055] 

a*14S85i>a 200g £ 71/tf — 3UU ICT 
t95*0* — 0 lO.tf — JU3fc« 30%. 50rpm) 

DMML fUSSSl* 155g/l -Cfcofc. 

*tt*aWfcfcy 0) OH S(* 0.80 i/nm 2 

[0056] 

C0)J:9(=LT»**flE<b**tfci«*1Sflili*> 
"J**. WSW 21 <D* -fc*AL«lM* 

mj^jui*- 5^^» sog icckyrotatra 
N« s*a>w*-eo.8i/»a)»*-c3o»riii«» 

B»£frofc 0 
[0057] 

ia±ic<fcy»& tifctt*tt«astu 

S 1 (z^Lfco 

[0058] 

Jt«0J3 



Furthermore, as for silica after hydrophobicizing ending of 
first stage, the carbon content being 1 .6 weight% , OH group 
per unit surface area was 0.5 /nm 2 . 

In addition, after pulverizing, as for bulk density of silica with 
1 50 g/I , as for OH group per unit surface area they were 0.80 
/nm 2 with thevibrating mill . 

[0053] 

property of hydrophobicity fume silica which it acquires was 
shown in Table 1 . 

[0054] 

Working Example 3 

fume silica (Tokuyama Corporation (DB 69-057-1716 ) 
supplied: tradename QS102 ) 800 g were thrown in autoclave 
of internal volume 201 and the nitrogen substitution after 
doing, trimethyl ethoxy silane 200 g was supplied, 3 hours 
hydrophobicizing were done in reaction temperature 70 deg 
C. 

After reacting, it substituted with nitrogen (It supplies with 2 
1/mku 3 0 min ). 

carbon content being 2.4 weight% with description above, OH 
group per unit surface area acquired hydrophobicity fume 
silica of 0.50 /nm 2 . 

[0055] 

This hydrophobicity fume silica 200g it pulverized (ball 
diameter;ph 10, ball fullness 30% and 50 rpm ) with 7 lball 
mill. 

After pulverizing, bulk density was 155 g/1. 

In addition, OH group per unit surface area had increased in 
0.80 /nm 2 . 

[0056] 

It threw hydrophobicity fume silica which bulk densification 
is done, to mixer of internal volume 21 this way and under 
agitation mixing, hydrophobicizing it did for secondtime with 
trimethyl ethoxy silane 50 g to similar to description above. 

Furthermore at front and back of reaction 30 min nitrogen 
substitution were done with the flow of 0.8 1/min. 

After reaction termination, it dried with 1 50 deg C. 

[0057] 

property of hydrophobicity fume silica which is acquired with 
above was shown in the Table 1. 

[0058] 

Comparative Example 3 
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JH5vU*(h^^Vttt*:S5a* QS102)200g t 
HJ^^UXfr >^=^> 50g 71 # 
tf*-;U&01O.7tf — ;uftig 30%, 50rpm)fca 
AU 70 deg C -C 3 ftMttMofc. 

«H*«L WS*£B*»H»CLT 150 deg C 



[0059] 

[0060] 
JI1M 4 

-WttSS{:^o a p« CP102(J±«H« 207m 2 /g. J6J 

®m 90g/i. jnasraftfeua> oh sa< 1.50 

*=f-)\,*sO *Fr=zs*& — *£240gttfcUfi 
J&;£Jg 300 deg C IZfcl^T 1 B$|ffli6lWMb£fr«t 

JEJfcfc. tt*(21/#. 30 #T?ttte)ICTll«*fT 

±iBicj:ya**«r*3&t 2 .i n%^y,» 

fiS^afefcyO OH 0.50 fi/nm 2 ** 
[0061] 

200g $ 7M* — flVU |CT 
;US01O.7t?-;U^fe« 30%,50rpm) 

Lfco 

Mfltl* 175g/l -pfcofc. 
*tiSI»fcfeiJ 0) OH Sf* l.OOffl/nm 2 

[0062] 

■J**. WSS 21 cd* 



&.fcmT&* 2/U*li % 150 degC T*&*SLfc 0 
[0063] 

i ic^ufco 

[0064] 



fume silica (Tokuyama Corporation (DB 69-057-1716 ) 
supplied: tradename QS102 ) 200 g and trimethyl ethoxy 
silane 50 g, were thrown to 7 lball mill (ball diameter,ph 10, 
ball fullness 30% and 50 rpm ), 3 hours pulverization were 
done with 70 deg C. 

After pulverizing, it dried with 150 deg C with contents as the 
nitrogen atmosphere, removed unreacted matter* reaction 
by-product. 

[0059] 

property of hydrophobicity fume silica which it acquires was 
shown in Table 1. 

[0060] 

Working Example 4 

fume silica (Tokuyama Corporation (DB 69-057-1716 ) 
supplied: tradename CP1 02 (OH group per specific surface 
area 207m 2 /g s bulk density 90 g/U unit surface area 1 .50 
/nm 2 ))) 800 g were thrown in autoclave of internal volume 
201 and the nitrogen substitution after doing, 
octamethylcyclotetrasiloxane 240 g was supplied, 1 hour 
hydrophobicizing was donein reaction temperature 300 deg C. 

After reacting, it substituted with nitrogen (It supplies with 2 
1/mhu 3 0 min ). 

carbon content being 2.1 weight% with description above, OH 
group per unit surface area acquired hydrophobicity fume 
silica of 0.50 /nm 2 . 

[0061] 

This hydrophobicity fume silica 200g it pulverized (ball 
diameter;ph 10, ball fullness 30% and 50 rpm ) with 7 lball 
mill . 

After pulverizing, bulk density was 175 g/L 

In addition, OH group per unit surface area had increased in 
1.00 /nm 2 . 

[0062] 

It threw hydrophobicity fume silica which bulk densification 
is done, to mixer of internal volume 21 this way and under 
mixture agitating, hydrophobicizing it did for secondtime with 
octamethylcyclotetrasiloxane 30g to similar to description 
above. 

After reaction termination, it dried silica, with 150 deg C. 
[0063] 

With above, property of hydrophobicity fume silica which is 
acquired was shown in the Table 1 . 

[0064] 
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